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(54) Method and apparatus for detecting a fault of a control valve assembly In a control loop 



(57) A method and apparatus for detecting a fault of 
an automatically operated control valve assembly. Data 
consisting of se/eral values of the control signal (i) and 
corresponding values of the position (h) of the control 
vah/e is measured and recorded. A mathematicai model 
fcr the control valve assembly is defined. Tha mathennat- 
real model is fitted to the data measured from the control 
signal (i) and the position (h) of the control valve. At least 

3 4 



one critical parameter for each oonrponent of the valve 
assen**y. that is the valve (2) itself, the actuator (3) and 
the positioner (5). is chosen. The values and changes of 
the critical parameters are computed from the mathe- 
matical model fitted to the measured data. The compa- 
ny in which the fault is k)cat6d is detected on tiie bi'tsis 
of the computed values of the critical parameters. . 
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Description 

This invention relates to a method tor detecting a fault of an automatically operated control valve assembly in a 
control loop so that data consisting of several values of the control signal and corresponcfing values of the position of 
5 the control valve is measured and recorded. The invention also relates to an E^sparatus for detecb'ng a fault in an auto- 
maticlly operated control valve assembly, the valve assembly including a control valve, an actuator and a digital positioner, 
as well as means for measuring, transferring, recording and processing data. 

The importance of advance maintenance of control valves has further increased when it is desired to decrease 
maintenance costs, to increase safety and to have the processes functioning accurately while saving energy and reducing 
10 waste. New positioners based on digital techncrfogy give better posstoilities for this. On the other hand, the development 
of new data transfer buses gives better possibilities for transferring diagnostic data from the field device to the automation 
system and for transmitting measurement data from sensors outside the control valve to the control vah/e. 

A control valve and its operation is known and need not be descrtoed here in detail. A quarter turn valve can be for 
instance a ball valve or a butterfly valve. Examples of a ball valve are disclosed for instance in US patent 4 747 578. A 
IS contrd valve is actuated by means of an actuator which turns the stem of the dosure memt>er between open and closed 
positions. An actuator can be operated by means of a cylirKler-piston device which in turn ts regulated by means of a 
regulation valve. A valve positioner operates the actuator in response to a control signal. 

Various systems have been developed for the diagnostics of control valves, and these systems can be used for 
measuring and testing the valves tn order to detect faulted operation. US patents 5 272 647, 5 233 512. 4 609 110. 4 
so 2 1 3 1 75 and 5 1 29 41 8 all describe various diagnostic arrangements. However, they do not enable the location of the 
fault to be detected. 

Some systems, such as the one described in US patent 5 197 328. even make it possible to locate the reason of 
the faulted operation, but it requires a complicated measurement arrangement and a lot of measurement data from the 
various Gomponervts of the control valve assembly, that is from the valve ttseH, the actuator and the positioner. 
ss The object of the present invention is to provide a method and an apparatus which are able to independently draw 
conclusions of faulted operation and to locate the faulted component by means of a simple measurement anangemern 
' and by using a mathematical model of a control valve assembly and a data transfer bus. 

Tl>e method of the invention is characterized in that - r 

a mathematical model for the control valve assenibly is defined, 
30 the mathematical model is fitted to the data measured from the control signal and the position of the control valve, 

at least one critical parameter for each component of the \^Ve assembly, that Is the valve itself, the actuator and 
the positioner, is chosen, 

the values and changes of the critical parameters are computed from the matiiematical model fitted to the meas- 
ured data. 

3B the component in which the fault is located is detected on the basis of the computed values of ttie critical panam- 

' eters. 

The apparatus of the invention is characterized in that the means for processing the data includes a program 
to fit a mathematical model to the data measured from the control signal and the position of the control valve, 
to compute the values and changes of at least one crKical parameter for each component of the valve assembly, 
40 that is the valve itself, the actuator and the positioner, from the mathematical model fitted to the measured data, and 
to detect the faulted component of tiie control vah/e assembly on tiie basis of the corrputed values ot the critical 
parameters. 

The method is based on identification of certain critical parameters of a matiiematical model defining the dynamics 
and statics of a control valve, and on following tiie changes in these parameters. This makes is F>ossible to detect and 
45 to conclude the faulted point. The advantage of the method Is that the faulted operation and the location of the faulted 
component can be defined for instance by means of the corrtrol signal and the valve position data only. 

In order to detect erosion damage of the closure mennber or possble blockage in the valve body, it is necessary in . 
addition to measure the pressure over the valve and to obtain data off the volume flow through the valve. This data can 
tjest be obtained through a data transfer bus from the measurement sensors. 
50 The invention and its details are furtiier described with reference to tiie accompanying drawings in which 

Rg. 1 shows schematically a measuring arrangement for the diagnostic system of an entire control valve assembly. 
Fig. 2 shows a graph illustrating the correspondence between simulation carried out by means of identified param- 
eters and measured values, 
55 Fig. 3 shows graphically the relative change of the capacity coefficient of an eroded valve, and 
Fig. 4 shows graphically the decrease of the relative capacity coefficient of a blocked valve. 

The measuring anangement of Rg. i makes it possible to detect and locate a fault affecting the dynamics of a 
confot valve assembly and to detect possible erosion of a closure member of the valve or bfockage of the valve body 
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tn Fig. 1. the closure member 1 o1 a valve 2 is provided with an actuator 3 which operates the valve by means of a 
cylinder 4. A digital positioner 5 is connected to the actuator A volume flow sensor 6 is connected between a discharge 
pipe 7 and a field bus 8. 

In order to define Ihe dynamic operation of the vafve. only data about the control signal t and the valve position h 
from the position transmitter is required, in acUition, the detection of erosion of the closure member 1 and blockage of 
the valve body 2 requires pressure measurements pi. P2 for instance from the valve body 2 and flow data q from the 
volume flow sensor 6. The volume flow data q can be transmitted to the positioner 5 of the control valve for instance by 
means of the digital field bus 8. In this case, also the desired value of the control signal i is transmitted to the positioner 
5 of the control valve by means of the digital field bus 8. 

The locating of a fault affecting the dynamics of a control valve assembly will be described in the following. 

The following equation can be found for the mathematics model of a quarter turn control valve provided vnth a 
cyiffider-ptston (grated actuator: 



15 (m 



20 where 

X s distance travelled by the actuator piston 

w srotationai angle of the valve 

t = time 

^ n^rad « reduced mass of the actuator piston 

J * = combined inertia moment of the valve and the actuator 
h = actuator coefficient 

" friction moment of the valve 
frn = attenuation coefficient of the actuator 

30 ly = attenuatoi coefficient of the valve 

= force applied to the actuator piston 
PAiPe = pressure levels of the actuator cylinder 

Even if a quarter turn valve is discussed in this case, the method can be applied correspondingly to linear valves. 
35 The nric^'emem of the actuator is controlled by means of the pressure levels of the cylinder which in the equation 
( 1 ) arc indicated by pa. Pb- These can be computed by means of the following maUiematical model defining the pressure 
revel of the cylinder: 



- (K V^, r^, m^,A^, X, R M) (2) 



40 



Pq^Q (K Vq, rrtQ, Aq,x, M) (3) 



45 


where 








s mathematical functions 




k 


= polytropic constant 






» air volumes of the actuator cylinder 


50 


mg 


= mass of the air in the cylinder 




T« 


= temperature of the air entering the cylinder 




ma 


» mass flow of the air entering the cylinder 






s mass flow of the air leaving the cylinder 






= piston areas of the actuator 


6S 


X 


» the same as in equation (1) 




R 


s gas constant 




M 


= mole mass 
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The pressure levels are controlled by means of the mass flow entering and leaving the cylinder. The entering and 
leaving mass flows depend on the respective cross-sectional flow area of the regulating valve of the positioner The 
cross-6ectionai flow area depends on the position of the spool or, in a poppet type construction, on the position of the 
seat of the regulating valve. Mathematically tNs can be written for one half of the actuator cylinder in the form: 

5 

m^mf(AJmg{e) (4) 

where 

TO Aa s the effective crQss-sectional flow area of one half A of the regulating valve 
e = the position of the spool or the seat 

An accurate mathematical nnodel can be fbund for the functions f and g appearing in the equation. 
The position of the spool or the seat of the regulating valve can be computed from the mathematical model of the 
IS regulation of the regulating valve. The foltowing mathematical connection can be found for the conventional positioners 
based on the feedback of the valve position: 

e^^(k^i,h) (5) 

so where 

<r> » mathematical function 

kp. B gain of the positioner 

i = control signal 

25 h s opening of the contrcrf valve 

The fbltowing is a decription of the method of locating this fault. 
The method according to the invention is based on the identification of the critical parameters 
components of a control valve assemby, such as the positioner, the actuator and the valve rtsell Identification is a method % 
50 v^ere the parajtieters of a mathematical model of a device are found by means of actual measuremerrt data by fitting • 
the model to the measured data The greater the number of the parameters to be identified, the more difficult the iden- 
tification in practice is. The measurement data is obtained either by means of a separate test or tests or merely by ".'i^. 
following the dynamic operatlori of the device during the operation process. 

In the method of the invention, measurement data is required only from the position of tiie valve and from the control 
S9 signal. If mieasurement data is collected also from ttie cylinder pressures of tiie actuator, it will assist in finding the 
Ipcation of the fault. 

The method is based on ttie ^ct that a test or a series of tests is carried out for instance by means of a digital 
positioner m order to collect the necessary measurement data. The measurement data can also be collected directly 
from a control valve assembly in operation when the control signal coming from the regulator to the valve changes 
40 sufficiently. The data measured is recorded in the memory of the positioner for the identification. 

The critical parameter or parameters for each conponent of a control valve assembly, that is the positioner, the 
actuator and the valve itself, are identified from the above matiiematicat model by means of the measurement data. The 
critical parameters desaibing the operations of each conr^nent are chosen as the parameters to be identified. 

The operation of a positioner is best described for instance by the gain Kp of the positioner The extent of the output 
45 moment of an actuator again Is expressed for instance by the actuator coefficient b. A mechanical fault of a valve is 
usually disclosed by friction so tiiat for instance the friction load is the rTK>st suitat^e parameter for identification. 

Fig. 2 illustrates, the correspondence between simulation carried out with the identified parameters and the measured 
*/alues. The curves show iAt as a function of time. Curve 1 1 presents input signal, curve 12 simulation and curj& 13 
measured data. 

so Fig. 2 shows measuremeht data produced by means of a sinusoidal control signal . The parameters of a simulating 
model made from a mathematical model were identified by means of the measurement data. The simulation carried out 
with the identified parameters corresponded well to the measured v^ues as can be seen from Rg. 2. 

The method can be made more accurate by measuring also the pressure levels Pa. Pb of the cylinder. Due to the 
increased measurement data, for instance ttie cross-sectional flow area of the reguiatihg valve of the positioner can be 
55 identified. This can be further used for detecting for instance dirt in the regulating valve. 

By following the change of the identified aitical parameters, it is possible to watch by means of a conclusion program 
the change of a parameter describing the operation of each componer^. If changes or sliding as a function of time takes 
place in a certain parameter^ it shows that essential changes take place in tiie operation of tiie component. The direction 
. of the change shows if the operation of the control valve is going towards better or worse. H the value of the critical 
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parameter of a certain cornponent has changed suffldently to a certain directton. tt discloses the faulted component. In 
the concluding, rt is also possiWe to use a diagram illustrating the change of an error between the control signal and the 
position of the control valve. A change in this diagram discloses if the error of a control valve is increasing or decreasing. 

By means of the above method, it is possisle by utilizing a simple conclusion program to automatically seek in which 
5 conrponent of the control valve assemtHy operatiortal changes take place and which component probably is the reason 
for instance to impaired control accuracy. 

The finding of erosion and blodcage of a control valve will be described in the fbltowing. 

The method is based on reviewing the characteristic curve of a valve mounted in a process piping system. In this 
method, for instance the volume flow through the valve has to l>e measured by means of a volume flow sensor, in addition 
10 to the measuring of the pressure by means of pressure sensors in the valve. This data can best be made avail^e for 
instance by means of a f bus. 

The detectkm of erocfing and bk>ckage of a control valve is based for instance on pressure data measured in the 
vah/a body and volume flow data obtained for instance by means of a field bus which are utilized for instance in a digital 
positioner or in auxiliary equipment where the computing and analyzing take placa. 
IS Fig. 1 shows an example where position and pressure s^ors connected to the valve tx)dy 1 are used for defining • 
the opening h of the valve and the incoming pressure pi and cfischarge pressure P2. This data combined with the ftow 
quantity q obtained from the volume flow sensor 6 makes it possa:>le to coiTpute the set capacity coefficient Cv of a 
control valve. 

The data obtained from the measurements is collected for instance in the digital positioner 5 where the capacity 
20 coefficient of the said valve can be computed by means of the equations set forth in standard IEC534 (ISAS75). 

The results obtained are compared to a capacity coefficient measured in a laboratory. From the change In the 
capacity coefficient, it can be seen if the valve is eroding or being blocked. If there is erosion in the valve, the capacity 
coefficient tends to increase, particularly with small openings. Correspondingly, blockage will cause the capacity coef- 
ficient to decrease, particutarly with greater openings. 
25 A fault in an eroded or in a btocked valve will best t>e detected by fbflowing the change in the capacity coefficient of 
the valve in relation to the original capadty coefficient. 

Fig. 3 shows the relative change of the capacity coeffiderrt of an eroded valve as a function of the opening angle 
: a. As can be seen from Rg. 3. the eroding can be very clearly seen, particularly at small opening angles. By following 
< the relative change shown in Fig. 3 for instance by mesns of a digitaJ positionef, it is possible to conclude the speed of 
. 30 erosion of the valve and to decide when the valve lias to be changed at the latest 

Rg. 4 shows the change of the capacity coefficient of a blocked valve in relation to ttie original capacity coefficient 
As can be seen from Rg. 4, the reduction of the capacity coefficient caused by blockage, can in the measured case be 
seen more clearly at greater opening angles. 

The invention is not restricted to the above embodiments but it may vary within the scope of the daims. Instead of 
• 3S a rotational valve, the control valve can be also a linear valve. The actuator need not be cylinder-piston operated, it can 
be for instance electrically operated. 

Clain*^ 

40 1 . A method for detecting a fault of an automatically operated control valve assenr\bly in a control loop so ttrat data 
consisting of several values of the control signal (i) arKf corresponding values of the position (h) of the contro! vaK/e 
is measured and recc»ded. characterized in that 

a mathematical model for the control valve assembly is defined. 

the mathematkal model is fitted to the data measured from the control signal (i) and the positkm (h) of the 
46 control valve. 

at least one critical parameter for each component of the valve assembly, that Is the valve (2) itself, the 
actuator (3) and the positk)ner (5). is choser>. 

the values and changes of the aiticai parameters are computed from the mathematical nrKXiel fitted to the 
measured data. 

so the component in which the fault is located is detected on the basis of the conrputed values of the critical 

parameters. 

2. A method according to daim 1 . for detecting a fault in a control valve assembly, provided with a cylinder •piston 
operated actuator (3). characterized in that the measured data indudes data also from the actuator cylinder pres- 

55 sures (p/v. Pb)- 

3. A method according to daim 1 . characterized in that the measured data includes data also from the incoming and 
discharge pressures (pi. pz) of the control valve and from the volume flow (q) through the control valve, and possibie 
erosion of the ctosure merr^r of the control valve or possible blockage of the valve body is detected. 
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4. A method according to claim 1 , characterized in that the gain (kp> of the positioner is used as the critical parameter 
for the positioner. 

5. A method according to daim 1. characterized in that the actuator coefficient (b) is used as the critical parameter 
5 for the actuator. 

6. A method according to claim 1 , characteirized in that the friction load (M^ of the control valve is used as the critical 
parameter for the control valve. 

10 7, A method according to claim 1 , for detecting a fault in a control valve assennbly, irKluding a quarter turn valve (2) 
and a cylider-piston operated actuator (3). charact^lzed in that the following equation is used as the mathematical 
model: 



2^dl' 



d^ 



(1) 



20 



where 



30 



X 

t 

J 

b 

tv 

Pa. Po 



s distance travelled by the actuator 
s rotational angle of the valve 
«»time 

a reduced mass of the actuator 

» combined inertia moment d the valve and the actuator 

= actuator coefficient 

friction moment of the valve 
• - attenuation coeff icierrt of the actuator 
^ attenuation coefficient of the valve 

force applied to the actuator piston 
r4 pressure levels of the actuator cylinder 



35 



8. A method according to claim 7. characterized in that the pressure levels of the actuator cylinder are ccmpuisd by 
mearis oMhe toitowlng mathematical model: 



40 



so 



Pa - ^A> ^a' ^A,^ 

= 0 {K V^, /Hg, X, R, M) 



(2) 
(3> 



whero 




M'. 0 


e mathematical functions 


k 


= polytropic constant 




s air volumes of the actuator cylinder 




= mass of the air in the cylinder 


Ta 


- temperature of the air entering tiie cylinder 




» mass flow of the air entering the cylinder 




= mass flow of the air leaving the cylinder 




~ piston areas of the actuator 


X 


= the same as in equation (1) 


R 


s gas constant 


M 


= mole mass 



A method according to daim 8. characterized in that the mass flow of the air entering one half of the actuator 
cylinder is computed from the following: 



/Dg m f(AJmg(e) 



(4) 
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f, g a mathematifal functions 

Aa the effective cross-sectional flow area of one half A of the regulating vah/e 
s e « the position of the spool or the poppet 

10. A method according to daim 9. characterized in that the position of the spool or the poppet of the regulating valve 
of the positioner is computed from the following: 

10 e^^(k^i,h) (5) 

where 

^ B mathematical function 

IS Hp s gain of the positioner 

i - control signal 

h » opening of the control valve 

1 1 . An apparatus for detecting a fault in an automaticlly operated control valve assembly, the valve assembly including 
20 a control valve (2), an actuator (3) and a digital positioner (5). as well as means for measuring, transfen'ing. recording 

and processing data consisting of several values of the control signal (i) and corresponding values of the position 
(h) of the control valve, characterized in that the means for processing the data includes a program 

toftt a mathematical model to the data, measured from the control signal (i) and the position (h) of the control 

valve. 

25 to compute the values and changes of at least one a iticat parameter for each component of the valve assem- 

bly, tha! is the valve (2) itself, the actuator (3) and the positioner (5), from the mathematical model fitted to the 
measured data, and • < ' 

to detect the faulted component of the control vajve assembly on tiie basis of tiie conputed values of the . /i> 
critical parameters. 'C, 

30 * . ' . 
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Fig. 1 
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Fig. 2 
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10* 20* 30* 40* 50* SO* 70* 80* 90* a 



10* 20' 30* 40* SO* 60* 70* 80* 90* 0 
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